Optical imaging of retinal intrinsic signals is a relatively new method that provides spatiotemporal patterns of retinal activity through activity-dependent changes in light reflectance of the retina. The exact physiological mechanisms at the origin of retinal intrinsic signals are poorly understood and there are significant inter-species differences in their characteristics and cellular origins. In this study, we reexamined this issue through pharmacological dissection of retinal intrinsic signals in the rabbit with simultaneous ERG recordings. Retinal intrinsic signals faithfully reflected retinal activity as their amplitude was strongly associated with stimulation intensity (r 2 = 0.85). Further, a strong linear relation was found using linear regression (r 2 = 0.98) between retinal intrinsic signal amplitude and the ERG b wave, which suggests common cellular origins. Intravitreal injections of pharmacological agents were performed to isolate the activity of the retina's major cell types. Retinal intrinsic signals were abolished when the photoreceptors' activity was isolated with aspartate, indicative that they are not at the origin of this signal. A small but significant decrease in intrinsic response (20%) was observed when ganglion and amacrine cells' activity was inhibited by TTX injections. The remaining intrinsic responses were abolished in a dose-dependent manner through the inhibition of ON-bipolar cells by APB. Our results indicate that, in rabbits, retinal intrinsic signals reflect stimulation intensity and originate from the inner retina with a major contribution of bipolar cells and a minor one from ganglion or amacrine cells.
Introduction
In recent years, the development of imaging techniques (Chen et al., 2005; Costa et al., 2006; Kiernan, Mieler, & Hariprasad, 2010; Sharp & Manivannan, 1997; Yannuzzi et al., 2004) has provided clinicians and researchers the means to reveal the structure of the retina at a very high spatial resolution. While these techniques have the potential to detect anatomical changes associated with retinal diseases, they do not provide functional assessments of retinal activity. Therefore, medical investigation of retinal integrity often requires the use of complementary functional techniques. As such, the electroretinogram (ERG) is the most frequently employed method to study retinal function, both in clinical settings and research laboratories (Heckenlively John. R AGB, 2006) . However, ERG recordings typically reflect the activity of relatively large volumes of retinal cells and are thus characterized by a coarse spatial resolution. Hence, both the clinical and research communities could potentially benefit from the development of higher resolution retinal functional assessment techniques.
Optical imaging of intrinsic signals is a technique that measures activity-dependent changes in intrinsic optical properties of a tissue (Grinvald, Lieke, Frostig, Gilbert, & Wiesel, 1986; Grinvald et al., 2004) and it has been successfully used to reveal anatomofunctional maps of the cortex (Grinvald et al., 1986; Zepeda, Arias, & Sengpiel, 2004) . Pioneering experiments have demonstrated that intrinsic signals can also be captured in the retina and generated hope that this non-invasive technique may be used as an anatomo-functional diagnosis tool in the near future (Hanazono, Tsunoda, Kazato, Tsubota, & Tanifuji, 2008; Hanazono et al., 2007; Inomata et al., 2008; Schallek, McLellan, Viswanathan, & Ts'o, 2012; Schallek & Ts'o, 2011; Ts'o et al., 2009; Tsunoda, Oguchi, Hanazono, & Tanifuji, 2004) . Indeed, optical imaging of retinal intrinsic signals (RIS) may enable the detection of functional disorders before the emergence of symptomatic or anatomical changes in the retina.
Several groups have studied the origins and characteristics of intrinsic signals in the retina in both in vivo (Hanazono et al., 2007 Inomata et al., 2008; Mihashi et al., 2011; Schallek, McLellan, Viswanathan, & Ts'o, 2012; Schallek & Ts'o, 2011;  http://dx.doi.org/10.1016/j.visres.2017.04.015 0042-6989/Ó 2017 Elsevier Ltd. All rights reserved. Ts'o et al., 2009; Tsunoda et al., 2004) and in vitro experiments (Li et al., 2010) . Two collective conclusions can be drawn from these studies. First, there is high spatial correspondence between the localization of intrinsic signals and stimulation loci, suggesting that they reflect the activity of retinal neurons. Second, RIS are constituted of distinct temporal components that are cell-type and topographically specific. For example, in non-human primates (Ivo Vanzetta & Grinvald, 2014; Tsunoda et al., 2009) , RIS result from the combination of both fast and slow kinetics components. Further, the RIS time course, shape and origin vary according to the portion of the retina that is stimulated. Studies have suggested that the photoreceptors are responsible for the fast component and that the slow component arises from the inner retina, mostly from ganglion cells (Li et al., 2010; Tsunoda et al., 2009) .
In the cat, by examining RIS in response to stimuli of different spatial frequencies, it was demonstrated that RIS reflect not only the activity of the photoreceptors but also the activity of the inner part of the retina (Hirohara et al., 2013) . However, in the same animal species, investigated the cellular origin of RIS through the use of pharmacological agents and, contrary to what was reported in other species (Hanazono et al., 2007; Tsunoda et al., 2009; Zhang et al., 2012) , concluded that photoreceptors were the sole cells responsible for RIS.
Notwithstanding the numerous studies on RIS, there is yet no consensus regarding the anatomical origins of these signals. In this study, we re-examined this issue through the pharmacological dissection of RIS and simultaneous ERG recordings in the rabbit. This animal model was chosen for both phylogeny and practical reasons. Practically, the size of the rabbit eye is comparable to the human eye, thus facilitating experimental manipulations and enabling the use of equipment calibrated for human eye imaging. In addition, data on RIS from the lagomorph order would supplement the available data from primates and carnivores and further highlight the differences and similitudes in RIS among mammals.
Our results indicate that retinal intrinsic signals are activitydependent signals. Concomitant ERG recordings showed that RIS amplitude tightly co-varied with the b-wave amplitude. Through sequential intravitreal injections of cell-type specific inhibitors, we observed a dominant impact of the activity of bipolar cells and a minimal influence of ganglion cells and/ or amacrine cells on the generation of RIS in the rabbit.
Material and methods
Experiments were performed on Dutch Belt (n = 34, 1-2.5 kg, Covance, NJ, United States) and Polish Dwarf hutch rabbits (n = 7, 1-2.5 kg, Aubin, QC, Canada). Data from both breeds were pooled together since the two samples were not statistically different. Seventeen animals were used to study the effects of stimulus intensity and 22 animals were used for pharmacological experiments (see below). The animals were treated according to the guidelines of the Canadian Council on Animal Care and in accordance with the Code of Ethics of the World Medical Association. The experimental protocol was accepted by the Animal Ethics Committee of the Université de Montréal. All efforts were made to minimize any discomfort of the animals.
Animals were pre-medicated by the subcutaneous injection of glycopyrolate (0.1 mg/kg) to reduce tracheal secretions, and Atravet (0.5 mg/kg), a muscle relaxant. Thirty minutes later, animals were anesthetized by an intramuscular injection of a mix of ketamine (30 mg/kg) and xylazine (5 mg/kg). After tracheotomy, animals were transferred into a stereotaxic apparatus, immobilized by a gallamine perfusion (10 mg/kg/h for a solution of 2%) and artificially ventilated by a respiratory pump. During the experiments, anesthesia was maintained under isoflurane (1%) in a mixture of O 2 (30%) and N 2 O (70%). Pupils were dilated with eye drops of 1% tropicamide and 2.5% phenylephrine hydrochloride. Corneas were protected against dryness by contact lenses and periodic applications of artificial tears. Body temperature was maintained between 37 and 39°C using a feedback-controlled heating blanket (Homeothermic Blanket, Harvard Apparatus Ltd., England, UK). Electrocardiograms (ECG) and expired CO 2 levels were monitored throughout the experiments.
Retinal intrinsic imaging and stimulus parameters
Retinal intrinsic signals (RIS) were acquired with the retinal functional imager (RFI, Optical Imaging Ltd, Rehovot, Israel), a system based on a modified fundus camera (Retinal Imager-functional Topcon TRC-50DX) (Izhaky, Nelson, Burgansky-Eliash, & Grinvald, 2009; Nelson et al., 2005) . The camera was focused on the eye fundus and positioned to record from the same retinal region across animals. This region included part of the retinal blind spot as shown in Fig. 1 (see also Fig. 3 , dotted red square).
Illumination was provided by a 12 V, 100 W halogen lamp, whose light was band-pass filtered in the near-infrared range (750 ± 20 nm, flux/power of À1.4 log cd.s.m À2 ). Visual stimulation was performed using a 120 W mercury lamp (X-Cite series 120, Photonic Solution Inc., Canada), passing through a UV filter and a green filter (564 ± 40 nm). The reported stimulus intensity values were calculated with a photometer (Sekonic L-608), with its detector placed at the same distance from the camera lens as the rabbit eye cornea during the experiments. Stimulus duration was controlled by a shutter (Unibliz, Model VCMÀD1 shutter drive, Vincent Associates, NY), synchronized with the data acquisition software (Metabrowse, Optical Imaging Ltd., Rehovot, Israel). For all recordings (except those shown in Fig. 1 ), the camera angle of view was 50 degrees while the emitted light used for stimulation activated a retinal area of approximately 16 mm 2 . This stimulus profile was kept constant for all animals in order to minimize data variability. The optical signals presented here were based on the analysis of a circumscribed ROI within this area of stimulation.
Experimental protocol
All experiments were performed in the dark. At experiment onset, a 1-s saturation flash (35 cd.m À2 intensity) was projected onto the imaged part of the retina and was followed by 60 min of dark adaptation. Experiments consisted in imaging trials of 24 s (10 Hz, 512 Â 512 pixels) with inter-trial intervals of 90 s. Stimuli (200 ms) were delivered 3 s after trial onset. In order to improve the signal-to-noise ratio (SNR), data was averaged over 10 consecutive trials.
Image and data analysis
Raw images (binary files) were converted into matrices for data analysis using Matlab scripts (The Mathworks Inc., MA, USA). Intrinsic changes in light reflection (DR/R) were calculated as follow: individual data frames (R) were first subtracted, pixel by pixel, with the average image from the pre-stimulus period (Rbaseline) and further normalized by Rbaseline to measure percent-change, as shown in following equation:
Error bars in figures represent the standard error of the mean (SEM).
Electroretinogram (ERG)
Concurrently with RIS imaging, ERGs were recorded using DTL electrodes positioned onto the cornea. The reference electrode was placed under the tongue and the ground electrode in the forelimb. The ERG signal was amplified 10,000 times and band-pass fil- tered between 1 and 1000 Hz using an AC amplifier (P511 series AC amplifier, GRASS, Astro-Med, Inc.). The amplified signal was recorded with a data acquisition interface (CED 1401), controlled by Signal 3.10 software (Cambridge Electronic Design, Cambridge, UK). The a-wave and b-wave amplitudes were measured according to ISCEV standards (McCulloch et al., 2015) : The a-wave was measured from the baseline and the b-wave was measured from the awave minimum to the b-wave peak.
For the assessment of OFF bipolar cells pathway (see below), specific ERG recordings (interleaved with RIS imaging trials) were made to obtain the d-wave. During these recordings, a longer stimulus was used (1 s flash) (Heckenlively John, 2006) . Otherwise, the ERG recordings were obtained from the stimuli used to generate RIS responses.
Intravitreal injection
To selectively block the activity of the different retinal cells, pharmacological agents were administered by intravitreal injections. The injection needle (30-G) was inserted perpendicular to the eye surface, posterior to the limbus. Once inserted, it was angled toward the centre of the vitreous humor to ensure the delivery of the drug as close as possible to the retina while avoiding the lens. The procedure was validated by post hoc visual inspection of the lens integrity. In all cases reported here, no lens injury was found. After a slow and controlled delivery of the injection volume (50 mL), the needle was kept in place for about 20-30 s before its removal. To estimate the final drug concentrations, the vitreous volume was established at 1.2 mL (Kiernan et al., 2010) . In agreement with previously studies, all pharmacological agents were dissolved in saline solution (Dong, Agey, & Hare, 2004; Levinger, Zemel, & Perlman, 2012) . The following drugs, at their final vitreous concentrations, were used: TTX (100 nM), APB (2-10 mM), PDA (5-10 mM) and aspartate (25 mM). Prior to each injection, control levels of RIS were acquired for 2 h. Subsequently, the injection was performed and the imaging resumed shortly afterward (approximately 5 min) for about 3 h, on average, after injection.
Results
In a first step, the basic characteristics of retinal intrinsic signals were studied. Hence, RIS were measured using different stimulus conditions and were compared with ERG recordings, an established functional assay of retinal activity.
RIS basic characteristics
Fundamentals of rabbit RIS are shown in Fig. 1 . In this example, the eye was stimulated with a discrete circular visual stimulus of 14 degrees at an intensity of 16 cd.m À2 (panel A). As seen in the differential images and the reflectance time course, RIS are biphasic in nature (Fig. 1, B-D) . One to two seconds following stimulation a relatively short-lasting decrease in light reflection (or increase in light absorption by the active tissue) is observed (panel B). This negative phase of the retinal signal is followed by a long-lasting positive phase that lasts 60 s on average. This waveform pattern was observed for all effective stimulus intensities and was consistent across all animals tested with this protocol (n = 22). Hence, our data indicate that intrinsic retinal signals are spatially restricted to the stimulated retinal segments and, similar to other studies in primates and cats (Hanazono et al., 2007; Ts'o et al., 2009; Tsunoda et al., 2009) , are composed of both fast and slow components.
We next examined the stimulus-dependency of the intrinsic signals. The amplitude of the RIS components was measured in response to stimuli of increasing intensity, ranging between 5 and 35 cd.m
À2
. No reliable optical intrinsic signals were observed at intensities below 12 cd.m À2 (see Supplementary Fig. 1 (S1 Fig)) while response saturation occurred near 25 cd.m À2 . A result from a typical experiment is shown in panel A of Fig. 2 for intensity values within this range. In all animals tested (n = 10), RIS increased as a function of light intensity, irrespective of the RIS amplitude metric selected (negative or positive peaks, peak to peak). Data from all animals were normalized to the response amplitude of the smallest stimulus (12 cd.m
), pooled and subject to regression analysis. The relation between stimulus intensity and RIS amplitude was best fitted with an exponential model (see panels B-C), independent of whether the negative (r 2 = 0.74), the positive (r 2 = 0.95) or the peak-to-peak (r 2 = 0.85) amplitudes were considered. Thus, our results indicate that the retinal intrinsic signal reflects the intensity of the stimulus. We further observed that responses could not be evoked throughout the whole retina. Fig. 3 shows a schematic of the rabbit retina and the location of RIS recordings (squares 1 to 5) made in various areas (see Fig. 3 ). Data indicate that RIS was not detected at the optic nerve head (panel 1), at the myelinated region of the nerve fibers (panel 2) or in the vascular part of the retina (panel 4). On the other hand, strong responses were always recorded in the visual streak (panels 3 and 5).
Comparison between RIS and ERG signals
In all our experiments, ERG signals were recorded along with the RIS imaging, allowing a direct comparison between the two recordings. An analysis investigating the relation between RIS amplitude and ERG's a-and b-wave components was done (Fig. 4) . While the a-wave is considered to mainly reveal the activity of photoreceptors, the b-wave is thought to mostly reflect the activity of bipolar cells (Heckenlively John, 2006) . The raw values of a and b waves as a function of stimulus intensities are shown in panels A and B. As shown in panel C, the relation between RIS and a-wave amplitude is not linear reaching a plateau at intensities near 21 cd.m À2 . From this point, the dynamic range of the a-wave signal starts to exceed the one from RIS, which has saturated. The relation between the a-wave and RIS amplitudes was best fitted with an exponential model (r 2 = 0.87, p < 0.001, n = 8). On the other hand, while both RIS (Fig. 2, D) and b-wave amplitudes (Fig. 4, B) showed signs of saturation in their responses, they were strongly linearly correlated (Fig. 4 , D: r 2 = 0.98, n = 8). Identical results were obtained when considering only the positive or negative peaks of RIS. Thus, for the remaining parts of the paper, RIS amplitude will correspond to the absolute sum of both negative and positive components' peak.
Anatomical origin of RIS
Intravitreal injections of selective pharmacological agents were made to determine the contribution of the different retinal cells in the genesis of RIS.
Control for intravitreal injections
Control experiments were performed to test for non-specific effects on RIS arising from the injection procedure. In four experiments, injections of the vehicle solution (saline) were administered. A representative example is shown in Fig. 5 . In all experiments, RIS amplitude remained stable following intravitreal saline injections (p = 0.85, Student's paired t-test).
Isolation of photoreceptor's activity
A first set of pharmacological experiments was carried out with aspartate, an excitatory amino acid, which is effective in blocking synaptic transmission in the OPL, thereby isolating the photoreceptor from other retinal cells (Yannuzzi et al., 2004) .
Characteristic individual results and population data are shown in Fig. 6 . Intrinsic signals, together with the ERG b wave, were completely eliminated following aspartate injection (mean RIS amplitude (%DR/R): control: 1.1 ± 0.07, aspartate: 0.07 ± 0.02, p < 0.001, n = 6). The time course of the effects of aspartate injection on ERG recordings is included in Supplementary Fig. 2 (S2 Fig). As expected, the ERG a-wave was preserved. Hence, no retinal intrinsic signal was observed when the photoreceptors' activity was isolated with aspartate.
Injection of TTX, APB and PDA
A second set of experiments involved a sequence of two intravitreal injections. First, tetrodotoxin (TTX) was injected in order to study the role of the activity of the inner retina on RIS (Fig. 7, A) . TTX is a blocker of voltage-sensitive sodium channels and inhibits the generation of action potentials in ganglion cells (GCs) as well as in some amacrine cells (Trenholm et al., 2012) . RIS amplitude was significantly reduced following the injection of TTX (24% decrease in response amplitude, p = 0.017, paired t-test, n = 16). The effect of TTX was controlled by the absence of consensual pupillary light reflex in the fellow eye. Additionally, dedicated experiments run in photopic conditions (n = 2, 20 cd.m À2 of ambient light, stimulus of 35 cd.m À2 ) indicated that the b wave and the photopic negative response (PhNR) were reduced by TTX at this concentration (100 nM, S3 Fig) . As shown by others , the effects of TTX were irreversible, lasting for as long we could collect data. Hence, the effects of a second injection could be measured, with confidence that the effects of TTX were stable throughout our recordings . Following the inhibition of ganglion and/or amacrine cells with TTX, the role of the activity of bipolar cells was investigated by injection of cis-2,3-piperidinedicarboxylic acid (PDA) and 2-amino-4-phosphonobutyric acid (APB).
PDA is an antagonist for iGluRs receptors, and is expected to block the activity of OFF-bipolar cells without interfering with the activity of the ON-bipolar cells (Hare & Ton, 2002; Massey, Redburn, & Crawford, 1983; Slaughter & Miller, 1981) . As shown in the example presented in panel B of Fig. 7 , RIS amplitude was not affected by PDA injections (p = 0.88, Student's paired t-test). In contrast, the ERG d-wave was eliminated following PDA injections (traces 3 and 4, panel B) as expected (Heckenlively John, 2006; Horiguchi, Suzuki, Kondo, Tanikawa, & Miyake, 1998) , demonstrating the efficacy of the drug injection.
APB is an mGluR agonist that blocks the activity of ON-bipolar cells without interfering with the activity of OFF-bipolar cells (Knapp & Schiller, 1984; Massey et al., 1983; Slaughter & Miller, 1981) . As shown in panel C, APB decreased RIS and ERG b-wave amplitudes, in a dose-dependent manner. ERG b waves were eliminated using both 2 and 10 mM concentrations but the latter was associated with a quicker inhibition (S4 Fig) . These concentrations were comparable to the ones used in previous studies (Guite & Lachapelle, 1990; Schiller, Sandell, & Maunsell, 1986) and proved efficient and toxicity-free. While a 2 mM concentration caused a 23% decrease in RIS amplitude (p = 0.2207, Student's paired t-test, n = 6), a 10 mM concentration completely eliminated RIS (p < 0.001, Student's t-test, n = 6) (see panel c of Fig. 7 ).
Discussion
In this study, retinal intrinsic signals (RIS) were described for the first time in the rabbit. RIS amplitude was proportional to stimulus intensity and was also correlated with the ERG b-wave amplitude. Our results demonstrate that rabbit RIS originate from the inner retina, with a dominant contribution from ON bipolar cells.
On the relation between RIS and ERG
ERG recordings and RIS imaging were performed simultaneously, allowing direct comparisons between these two functional measurement methods. One obvious fundamental difference between the two methods lies in the kinetics of both signal types. While ERG signal components can have time-course scale on the order of milliseconds, RIS have much slower kinetics (see Fig. 1 ). The kinetics of RIS responses in rabbits is comparable to the ones reported in cat and primate models (Ts'o et al., 2009; Tsunoda et al., 2009) . A second difference pertains to the biophysical nature of both signals. ERG recordings represent the spatial and temporal integration of graded electrical currents in the retina. The exact biophysical mechanism behind retinal intrinsic signals is much less understood: potential mechanisms include changes in local hemoglobin concentration or oxidation states, osmotic cell swelling and light scattering (Grinvald, Frostig, Lieke, & Hildesheim, 1988; Malonek et al., 1997; Vanzetta & Grinvald, 2008) . Irrespective of the exact mechanism at their origin, RIS responses occur several milliseconds after the end of retinal electrical responses and thus provide an indirect measure of cellular activity.
A third difference between RIS and ERG techniques resides in their spatial resolution. In ERG recordings, the DTL electrode integrates the electric activity of the retina as a whole. Hence, unless focal stimuli are used as in multi-focal ERG experiments (Hood DC, Brigell M, & Kondo M, 2012; Hood, Odel, Chen, & Winn, 2003) , this technique does not provide spatial information from the physiology of the retina. In the case of RIS the spatial resolution of the response is theoretically fixed at half of the illumination wavelength and further shaped by optic magnification and camera resolution. While this theoretical optical resolution is further reduced by both physical processes (e.g. light scattering) and vascular anatomy underlying the hemodynamic processes, it remains that RIS can yield spatially distinct signals in the retina as demonstrated here by the use of regions of interest. Further, the resolution of this technique does not depend on the stimulus size, i.e., one can deliver a full-field stimulus and probe regional retinal physiology through the selection of regions of interest. Thus, when compared to ERG recordings, RIS has the potential to provide data with significantly higher spatial resolution.
In this study, the strong linear relation between b-wave and RIS' amplitude led us to hypothesize that they shared similar cellular origins (see Fig. 4, panel D) . The ERG b-wave is known to originate mostly from the activity of bipolar cells (Heckenlively John, 2006) and our hypothesis was verified when we performed pharmacological injections targeting these cells. Probably because experiments were done in mesopic conditions, RIS and ERG b-waves were mostly dependent on the activity of ON bipolar cells. Thus, the fact that PDA did not affect RIS amplitude in our experimental conditions does not rule out that OFF bipolar cells may also contribute to RIS genesis in other illumination conditions. Our results also showed that TTX yielded a decrease of about 20% of the RIS ampli- tude. This suggests that there is a contribution of either ganglion cells or some amacrine cells. Given the modest impact of TTX, amacrine cells are more likely to be involved than ganglion cells.
Interspecies differences in RIS
Throughout the scope of available literature on RIS, their kinetics, waveform, local characteristics and their cellular origins are subject to significant inter-species differences.
Our results demonstrate that rabbit RIS are biphasic and that both phases of the signal (negative and positive) are co-localized and reflect with high spatial fidelity the retinal stimulation site. The negative peak of RIS rose very quickly, within a second of stimulation onset, whereas the positive peak reached its maximum approximately 10 s after stimulus onset, only to get back to baseline levels after 60 s.
In contrast, negative and positive phases of cat RIS are spatially separated. The RIS negative phase is confined to the stimulated retinal region, whereas signals with a positive phase are only found on the periphery of the stimulation site Ts'o et al., 2009) . In primates, RIS signals are mainly negative and their kinetics depend on the retinal region being stimulated (Hanazono et al., 2007; Ivo Vanzetta & Grinvald, 2014) . In our data, when images were divided into multiple ROIs, we did not find any regional specificity in RIS waveforms but we have not done a systematic study on this. What we found, however, is that optical signals were absent at the optic nerve head (ONH) location, in the nearby myelinated optic fibers, and on the vascularized regions. The strong and robust responses were always located along the visual streak area, i.e. the avascular part of the retina. This is at odds with results described in the monkey where functional responses are also observed in the blood-vessel-rich optic nerve (Ivo Vanzetta & Grinvald, 2014) . The absence of response in vascular regions of the rabbit retina may indicate that optical signals are not driven by hemodynamics (see below). This assumption is, however, difficult to reconcile with the biphasic profile of the optical intrinsic response.
In this study, rabbit RIS time course was comparable to the slow RIS signals described in cats and primates (Hanazono et al., 2007; Ts'o et al., 2009; Tsunoda et al., 2009 ). As discussed above, the exact cellular mechanism at the origin of retinal intrinsic signals is poorly understood. In primates, slow RIS are thought to be controlled by retinal ganglion cells that trigger blood flow changes in vessels and capillaries (Tsunoda et al., 2009 ). While we cannot rule out the contribution of ganglion cells in rabbits, we suggest, based on the weak effect of the TTX injections, that part of RIS originated from the activity of retinal amacrine cells. However, because of the rabbit retina's poor irrigation (Yu & Cringle, 2004) and the major role played by bipolar cells in RIS generation, the mechanism at the origin of rabbit RIS likely consists of cellular mechanisms such as hyperpolarisation-induced changes in light scattering or osmotic changes in cytoplasmic volume (Zepeda et al., 2004) .
In concordance with the strong correlation between RIS and ERG b wave that suggested common cellular origins, pharmacological experiments discard a role for photoreceptors in the genesis of intrinsic signals which is in contrast to the cat findings Ts'o et al., 2009) . Consequently, our data suggest that, in rabbits, RIS arise from the activity of the inner retina. Our data also indicate that ON bipolar cells' activity plays an important role in RIS under mesopic conditions in rabbits, with a possible small contribution of amacrine cells.
